Abstract. The present study aimed to determine whether the expression levels of midkine (MK) and syndecan-1 correlate with the malignant progression and poor prognosis of gastric cardiac adenocarcinoma (GCA). GCA tissue samples (n=72) were obtained from the Department of Pathology of the First Affiliated Hospital of Henan University of Science and Technology (Luoyang, China). The paraffin-embedded samples had been surgically resected and pathologically diagnosed between 2007 and 2009. Normal gastric cardiac biopsy specimens (n=40) were also collected as the control. The expression levels of MK and syndecan-1 were assessed by immunohistochemistry using the high-sensitivity streptavidin-peroxidase method. Statistical analysis was performed on the data obtained using the SPSS 17.0 statistics package. MK expression was detected in 76.4% of GCA samples and 5% of normal gastric cardiac mucosa specimens. A significant positive correlation was observed between the expression levels of MK and the infiltrative depth of the tumor, the presence of lymph node metastasis and the prognosis of the patients (P<0.05). Syndecan-1 expression was detected in 38.9% of GCA samples and 100% of normal gastric cardiac mucosa samples. The expression levels of syndecan-1 were negatively correlated with the grade of differentiation, serosal membrane invasion, lymph node metastasis and the patient's prognosis (P<0.05). Notably, the expression levels of MK and syndecan-1 were inversely correlated (r=-0.352, P<0.01) in the GCA tissue samples. These results suggest that high expression levels of MK in GCA tissues may indicate a differentiation stage that is characteristic of malignancy, a late clinical stage and a poor prognosis, whereas increased syndecan-1 levels may indicate a high degree of differentiation, an early clinical stage and a favorable prognosis. MK and syndecan-1 may serve as important biomarkers for monitoring the development and progression of GCA.
Introduction
Gastric cardiac adenocarcinomas (GCAs) are derived from the most proximal region of the stomach immediately adjoining the esophagus. GCA is one of the most common forms of malignant cancer in China. Epidemiological studies have revealed that the incidence of GCA has been increasing every year, and is rapidly becoming one of the leading causes of malignant tumors worldwide (1) (2) (3) . Although there has been great progress in the diagnosis and treatment of GCA, the five-year survival rate remains at <24%. Therefore, there is an urgent requirement for the development of functional biomarkers for the early diagnosis of GCA and improved survival rates.
Midkine (MK) was originally identified as a retinoic acid-inducible gene in murine embryonic carcinoma cells. MK is known to be involved in early embryogenesis. In adults, low levels of MK are detectable in kidney tissue (4) . However, MK expression is frequently upregulated in numerous solid tumors, including gastric cancer (5, 6) . Deregulation of MK expression is associated with tumor invasion and a poor prognosis (7) , indicating that MK may be involved in tumorigenesis.
MK is involved in the regulation of a large number of cellular activities. MK binds heparin to promote proliferation, survival and migration by activating cell growth signaling pathways. The interaction of MK with anaplastic lymphoma kinase (ALK) leads to the activation of the phosphoinositide-3 kinase/Akt and mitogen-activated protein kinase pathways. MK induces neurite outgrowth and migration by interacting with β1-integrin (8) . In addition, MK tightly binds proteoglycans (PGs), including syndecan-1 [also known as cluster of differentiation (CD)138] (9). Syndecan-1 has a role in cell growth and differentiation by interacting with several growth factors through its extracellular heparan sulfate (HS) glycosaminoglycan chains (10) . The differentiation and morphogenesis of vertebrate embryos depends on the interaction of syndecan-1 with MK (9). Syndecan-1 is also involved in cell adhesion and migration by controlling cell-cell and cell-extracellular matrix interactions (11) . The correlation between syndecan-1 and tumor development has been a controversial subject. It has been reported that the loss of syndecan-1 facilitates the migration of metastatic tumor cells, and is correlated with a poor prognosis in patients with head and neck, non-small cell lung and hepatocellular carcinomas (12, 13) . Furthermore, another study has indicated that the overexpression of syndecan-1 is correlated with a poor outcome in patients with cancer (14) . However, further studies are required to confirm the role of syndecan-1 in tumor development and progression.
A concomitant increase in MK expression and a decrease in syndecan-1 expression in certain cancer types prompted the present study to examine the expression levels of MK and syndecan-1 in the same GCA tissue samples, and the exploration of the roles of MK and syndecan-1 in GCA development, invasion and metastasis. The present study assessed the expression levels of MK and syndecan-1 in 72 surgically obtained GCA tissue samples and 40 normal gastric cardia tissue samples, and assessed the correlation between MK and syndecan-1 expression and the clinicopathological features of GCA. Reagents and antibodies. Rabbit anti-human MK polyclonal antibody was obtained from Santa Cruz Biotechnology, Inc., (bs-1849R; Dallas, TX, USA) and mouse anti-syndecan-1 monoclonal antibody was obtained from Beijing Zhongshan Jinqiao Biotechnology (ZM-0459; Beijing, China). Anti-rabbit and anti-rat streptavidin-peroxidase (SP) high-sensitivity kits were purchased from Fuzhou Maixin Biotechnology (KIT-9710; Fujian, China).
Materials and methods

Patients and tissue samples.
Immunohistochemistry and criteria for analysis of results. Three 4-µm thick slices cut from the formalin-fixed, paraffin-embedded tissue blocks were used for immunohistochemical staining. Known positive tissue sections served as positive controls. All immunohistochemical data were evaluated by two pathologists separately. MK and syndecan-1 staining was visible on the cell membrane and/or in the cytoplasm. The presence of clear yellow-brown granules in the cytoplasm or on the cell membrane was considered as positive staining for MK and syndecan-1. Semi-quantitative evaluation was performed, with scores as follows: 0, <10% positive cells (-); 1, 10-49% positive cells (+); 2, 50-75% positive cells (++); and 3, >75% positive cells (+++) displaying cytoplasmic and membrane-associated immunoreactivity. Scores of 1, 2 and 3 were interpreted as positive (+) staining in all tissues.
Statistical analysis. Statistical analysis was performed using the SPSS 17.0 statistical software package (SPSS, Inc., Chicago, IL, USA). The χ 2 or Fisher's exact probability tests were applied for the analysis of qualitative variables, and the Spearman's rank correlation coefficient was used to analyze the correlation between MK and syndecan-1. P<0.05 was used to indicate a statistically significant difference. Overall survival curves were generated using the Kaplan-Meier method, and the differences between the groups were analyzed using the log-rank test.
Results
Expression levels of MK and syndecan-1 in GCA and atypical hyperplasia tissues.
Immunohistochemical staining showed that MK and syndecan-1 were expressed on the cell membranes and/or in the cytoplasm. Among the GCA samples, 76.4% (55/72) exhibited positive staining for MK (Fig. 1A) , whereas only 5% (2/40) of the normal gastric cardiac specimens showed positive staining for MK (P<0.05) (Fig. 1B) . Positive staining for syndecan-1 was observed in 100% (40/40) of the normal gastric cardiac specimens ( Fig. 2A) , whereas 38.9% (28/72) of GCA tissue specimens showed syndecan-1 staining (P<0.05) (Fig. 2B ). Significant differences were observed between normal cardiac mucosa and GCA tissue samples for MK and syndecan-1 levels (P<0.05) ( Table I ). These data demonstrate that the expression levels of MK had increased, whereas those of syndecan-1 had decreased in progressive GCA, indicating that MK and syndecan-1 have significant roles in the tumorigenesis of GCA.
Association between the clinicopathological features of GCA and the expression levels of MK or syndecan-1. MK expression levels were positively correlated with metastases of the lymph node (χ 2 , 8.50; P<0.05) and stromal invasion (χ 2 , 5.073; P<0.01). MK expression was not associated with age, gender, tumor size or the degree of histological differentiation of GCA (P>0.05) (Table II) . Logistic regression analysis showed that the MK levels were closely associated with metastases to the lymph nodes (P=0.007) and the depth of serosal membrane invasion (P=0.018) (Table III) . Univariate analysis showed that the expression levels of syndecan-1 were not correlated with age, gender or tumor size (P>0.05), but that they were negatively correlated with the degree of histological differentiation of GCA (χ 2 , 6.768; P<0.05), stromal invasion (χ 2 , 7.182; P<0.01) and metastases of the lymph nodes (χ 2 , 10.979; P<0.01) (Table II) . Similarly, logistic regression analysis demonstrated that syndecan-1 levels were not associated with metastases to the lymph nodes (P=0.271) or the degree of differentiation (P=0.307), but that they were closely associated with the depth of serosal membrane invasion (P=0.021) (Table IV) . Therefore, MK expression levels were correlated with serosal membrane invasion and lymph node metastases, while syndecan-1 expression levels were correlated with serosal membrane invasion only.
Expression levels of MK and syndecan-1 are inversely correlated. The correlation between the expression levels of MK and syndecan-1 was assessed for the 72 cases of GCA by Spearman's rank correlation analysis. It was revealed that the expression levels of MK were negatively correlated with those of syndecan-1. Increases in the levels of MK led to concomitant decreases in the levels of syndecan-1 (r=-0.352; P<0.01) ( Table V) . Table I . Expression levels of MK and syndecan-1 in various gastric cardiac mucosal tissue samples. An increased number of GCA tissue samples were positive for MK expression compared with the normal gastric cardiac mucosa tissues (P<0.01). An increased number of GCA tissue samples were negative for syndecan-1 expression compared with the normal gastric cardiac mucosa samples. MK, midkine; GCA, gastric cardiac adenocarcinoma. Table II . Association between clinicopathological features of GCA and expression of MK or syndecan-1. Table III . Logistic regression analysis for the association between MK levels and lymph node metastasis or serosal membrane invasion. (Fig. 3A) . The median survival time of patients with low expression levels of syndecan-1 was 24 months (95% CI, 19.7-28.3 months). The three-year survival rate for patients with low expression levels of syndecan-1 (27.3%) was significantly lower than that for the group with high syndecan-1 levels (53.6%) (P= 0.028; Fig. 3B ).
Discussion
GCA is a malignant carcinoma that arises in the gastric cardiac tissue. It is one of the most common malignant tumors of the digestive tract in Northern China. The incidence of gastric GCA has increased rapidly (1), whereas that of distal gastric adenocarcinoma has steadily decreased (2,3). Epidemiological and population cohort studies have shown that risk the factors and the clinical and pathological characteristics of GCA are distinctly different from those of gastric cancers that arise in the distal parts, indicating that GCA is a separate disease (15-17). As early symptoms of GCA A B Figure 1 . Immunohistochemical staining of MK protein in (A) normal gastric tissue and (B) GCA tissue. Paraffin-embedded gastric serial sections were stained with MK antibodies. Low expression of MK was detected in normal tissue compared with GCA tissue. The staining showed that MK was mainly localized on the cell membranes and/or in the cell cytoplasm with yellow-brown granules in the nuclei (magnification, x200). MK, midkine; GCA, gastric cardiac adenocarcinoma.
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are non-specific and lack sensitive and specific biomarkers for early diagnosis, the majority of patients are diagnosed at advanced stages; therefore, the five-year survival rate for patients with GCA does not exceed 24%, even with comprehensive treatment. Thus, to improve the early diagnosis of GCA, it is important to investigate the molecular mechanisms underlying the development and progression of GCA and to identify possible biomarkers. A number of studies have analyzed the expression of MK or syndecan-1 in distal gastric adenocarcinoma; however, few studies have explored this in GCA (18) (19) (20) . Human MK can bind syndecan proteoglycan family members, receptor-type tyrosine kinase-ζ, low-density lipoprotein, receptor-related protein and ALK. MK binds tightly to the syndecan proteins, including syndecan-1, 3 and 4, through HS (9) . Deregulation of MK is associated with the pathogenesis of numerous diseases, including cancer (7, 21) . MK promotes carcinogenesis by enhancing fibrinolysis, cell transformation, migration, cell survival and anti-apoptotic activity through a molecular mechanism that remains to be elucidated (22) . The overexpression of MK is common in numerous malignant tumor types and particularly in advanced cancer types, including esophageal (23), gastric (1, 24) , colorectal (25) , liver (26) , pancreatic, lung (27) and breast (28) cancer and neuroblastoma (29) . The overexpression of MK is closely correlated with tumor development and progression (30); however, expression levels of MK in GCA have yet to be reported.
In the present study, the overexpression of MK was present in 55 out of 72 tumor samples from patients with GCA (76.4%), which was significantly higher than for normal tissue samples. These results are consistent with the 65-80% positive rates for gastric cancer (20, 31) . Furthermore, the MK overexpression rates in the lymph node metastasis and stromal invasion groups were significantly higher than in the groups with no lymph node metastasis (χ 2 , 8.5; P<0.05) and no stromal invasion (χ 2 , 5.073; P<0.01). Logistic regression analysis revealed that high MK expression was associated with lymph node metastases (P=0.007) and the depth of serosal membrane invasion (P=0.018). Notably, the increased expression of MK in the tumor tissue was correlated with a shorter median survival time and lower three-year survival rates compared with patients with low MK expression levels. These results indicate that the overexpression of MK in GCA may promote the proliferation of cancer cells and contribute to cancer invasion and metastasis, which is associated with late clinical stages and a poor prognosis for patients with GCA.
Syndecans are transmembrane proteoglycans that carry covalently bound HS side chains. There are four members in this family, syndecan-1, -2, -3 and -4, which are encoded by different genes. Syndecan-1 (CD138) is an important component of the plasma membrane (32); it is a transmembrane HS proteoglycan (HSPG) that is mainly expressed in the epithelial cells. HS is a polysaccharide that usually occurs in the form of HSPG. The HS chains allow for the interaction with a variety of regulatory factors. Syndecan-1 binds to a variety of growth Table V . Correlation between the expression of MK and syndecan-1. Table IV . Logistic regression analysis for the association between syndecan-1 levels and differentiation, lymph node metastasis or serosal membrane invasion. factors, including MK, through its HS side chains to regulate cell growth, differentiation, adhesion and migration, as well as cell-cell and cell-extracellular matrix interactions (33) .
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The association between syndecan-1 expression and tumor development is not currently clear. A number of studies have indicated that syndecan-1 inhibits tumor development and is absent or present at extremely low levels in most solid malignant tumors, including head and neck squamous cell, cervical, gastrointestinal and liver cancer (12, 13) . As syndecan-1 is a cell surface adhesion molecule, complete loss or reduction of syndecan-1 may facilitate the migration of metastatic cells. Therefore, decreased syndecan-1 expression may be indicative of aggressive malignant behavior (34) . By contrast, certain studies have demonstrated that syndecan-1 promotes metastasis in rat lung squamous cell cancer (13) . Moreover, its expression levels are increased in pancreatic, gastric and breast cancer. Thus, increased expression of syndecan-1 is correlated with tumor invasion, metastasis and a poor prognosis (35) .
The results of the present study showed that syndecan-1 was expressed in 100% of the normal cardiac mucosa tissue samples, whereas only 38.95% of the GCA samples (χ 2 , 40.261; P<0.01) were positive for syndecan-1. These observations indicate that a loss of syndecan-1 expression is associated with the development of GCA. The expression levels of syndecan-1 were associated with the degree of differentiation. A total of 72.7, 35.6 and 25% of cells expressed syndecan-1 in the samples with high, medium and low degrees of differentiation, respectively. Statistical analysis revealed that low expression levels of syndecan-1 were significantly correlated with the degree of differentiation, presence of lymph node metastases, stromal invasion of GCA, short median survival time and low three-year survival rate (P<0.01). Logistic regression analysis showed that syndecan-1 expression was correlated only with serosal membrane invasion. These results indicate that syndecan-1 expression may be a prognostic marker for patients with GCA. However, other studies have indicated that patients with gastric cancer with low epithelial syndecan-1 expression levels have poor overall survival rates (36) . In addition, high stromal syndecan-1 expression levels have been shown to correlate with decreased epithelial syndecan-1 expression, which led to significantly reduced survival times in females (36) . Thus, further evaluation of the expression levels of epithelial and stromal syndecan-1 in GCA tissue is required to ascertain its prognostic value.
Furthermore, the statistical analysis performed in the present study showed a strong inverse correlation between MK and syndecan-1 (r=-0.352, P<0.01). The overexpression of MK was frequently detected in GCA tissue in which syndecan-1 was absent, indicating that MK and syndecan-1 are involved in the development and progression of GCA. The concomitant loss of syndecan-1 and overexpression of MK may promote the development of GCA. Loss of syndecan-1 on the tumor cell surface may be due to increased enzymatic activity of heparanase, which degrades the extracellular HS chains of syndecan-1. This loss of HS chains may negatively affect the interaction of syndecan-1 with heparin-binding growth factors, including fibroblast growth factor (FGF), hepatocyte growth factor and vascular endothelial growth factor (37) . Numerous studies have demonstrated that basic FGF (bFGF) is inactive when HS is present on the cell surface membrane or in the extracellular matrix, but its biological activity is restored when it is released from the cell surface following hydrolysis of HS by acetyl-heparanase (38, 39) .
The mechanism by which syndecan-1 and MK impact the development of GCA remains to be elucidated. Although the statistical analysis performed in this study showed that there is a correlation between the expression of MK and syndecan-1 in GCA tissue, the functional link between these two molecules may be affected by interactions with other factors, as MK binds to a wide variety of receptors. The interaction with these receptors may exert a synergistic affect on the biological activity of MK. Thus, further studies are required to enhance our understanding of the mechanisms by which MK and syndecan-1 interact with each other.
